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[ Abstract] Geothermal tail water reinjection is the main bottleneck that restricts the development and utilization of geothermal re-
sources in Lanzhou Basin. In order to break through the technological gap of geothermal tail water reinjection in Lanzhou Basin sand-
stone-type thermal storage, relying on the geothermal heating demonstration project in Pengjiaping, Lanzhou City, for the first time, the
natural reinjection experiment with graded flow rates of 15, 20, 25, 28 m’/h and graded pressure pressurised reinjection experiment of
0.1, 0.2,0.3,0.4,0.5, 0.6 MPa were designed and carried out, the maximum stable natural reinjection volume of 27. 96 m®/h and
the stable reinjection volume of 51. 68 m’/h for 0. 667 MPa pressure were firstly obtained from the sandstone-type thermal storage of
Pengjiaping, Lanzhou Basin, and the impact of geothermal tail water reinjection on the water level, water temperature, and temperature
field of the extraction wells was also investigated. After a heating season of productive reinjection experiment verification, a set of suit-
able and feasible sandstone-type thermal storage geothermal tail water reinjection technology process has been successfully explored in
Lanzhou Basin, which is of great reference and significance for the large-scale and high-quality development and utilization of geother-
mal resources in Lanzhou Basin.

[ Keywords] Lanzhou Basin; sandstone thermal storage; reinjection experiment; reinjection technology process
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Fig. 1  Contour map of the base of the Lanzhou Basin
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Fig. 2 Location map of mining reinjection wells
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Table 2 The location of the main target aquifer in the
KP1 mining well
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Fig. 6 Results of natural reinjection experiment
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Table 4 Parameter results of natural reinjection experiment
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Table 5 Parameter results of pressurized

reinjection experiment

TEE S/ S E Figt SERE SRR
MPa  JEJJ/MPa  HJ[]/h R/ C (m?+h~1)
0.1 0.107 10 28.64 38.99
0.2 0.205 11 29.53 42.51
0.3 0.307 172 28.96 43.43
0.4 0.403 164 29.68 44.35
0.5 0.514 52 29.53 47.02

0.6~0.7 0.667 383 32.88 51.68
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Fig. 7 Results of pressurized reinjection experiment
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reinjection volume and reinjection pressure

¥ imME . www. stae. com. cn



2025,25(11) AEMEIR A 22 M R PP A ARt B K [T i 25 5 A S5 TR R 4445

1.2 MPa B [5] & 7] 35 3] 106. 47 m’/h, fil 'k &
1.5 MPa i [ J# &6 35 5] 190. 79 m’/h (1 A
DA IR P it 2% 4 A [0 I K 467 48 m, [l I
EI273 mm) ,
3.4 [EIEES5RKIFKAHH

MR K IE Y B 28 T B 1k R RRSE TR
T8 B A K R 25 8 J1 AN, 51 K A AR, A i
FEJ P REEA RS IR, K19 Ry [l i 5 Rk I
KL T LR Y 7R A Il R vp | Bl 2 (]
TR K SRR IR AL ) 3 AR AR Ak fa 345 2 I
TG0 T R, e TR, 1S K [l i %
B, SR A KA BLI] 26 | T T AR R i i 56 11
FEEEEFIA]h 2 264 h, 3K A SROK I 07K 457 I K bifi %
TESR S TR TR E T R, IS T A ] 8 i 34 RS 7K A7 1
BT TR LT, AT DAIE B 22 M 25 3t b 5 750 B i b
PR A2 E R AR W T A7, TR ikt ik Bz AR
X T A IR B ] RS R A A B R E N

EM .
60 200
50H
H150
~ 40 =
) =
< 30+ H100 T2
1 =
s 3
= 20F B’
— A 50
10 — [l R
1 1 1 1
0 500 1000 1500 2 000

e E)/h

9 I 5 RAK I KA O FR &
Fig. 9 Diagram of the relationship between reinjection

volume and water level of mining wells

3.5 EEESEEKEDH

[l g s i [ 2k SR T A R K L B B
S (IR 7K %% B, 0 1T 5 g (R0 g, Bir DA [l 9 K
TR A B E R RO AR, I &
i [0V K TR AR AL 2R an T 10 F s, i LA Y [
VR £ it A [ 9 K T 1 R O T 38 K I 3 8 T AR
FE, I B 5 KR Z A 2 A C R, X5 X
HR[ 26 ] 7 BB 5T 45 S A — 2k, Ui B T FE A R UK
] v A ARG 1) [l 3L B2 T LA 3 o [ i, A5 B
TR, WK 10 &0 LA 1, SKIEE T
30 CHT, 717 & Ay 38 4 3R BOR oK IR AIK T 30
°C B, A1 H Y 35 K 1% 8 T 52, BB [ R K iR
FE R 30 °C R —A~IH B 0 0 A, s A S PR AR
HROBE [ KR PRI AE 30 °C AR, T A ik 245 4
B T JRE AR

30

29r

[ 3/ (m* h ')
[} [} *} [}%] )
wn N ~ oo

o
=
T

[S5]
]

20 30 10 50 60
15 3 JEE/°C
P10 [ e I [l 98 K I A8 A il 2
Fig. 10 Variation curve of reinjection volume with

reinjection water temperature

3.6 BEBZDW

S AR Mo FROK R 8 AT RS2 v | TR B AR K
He PR B R 5 0 T S BOK L 0 3 BRI B ), AR
H AR 1 A0 He R AR AT, SRR I R - IR AR
£ anE 11 iR,

FHIET 11 AT B R R I RS [R] 4 2 264 h,
e BRI 0] | SR K H K IR AE KPR G e T ha
A, HIRK T BB /N, A Hh B PR B SR i K L
EREAR G - KR EE R 62.2 C, 51K ¥)
HIARAR FL KR R IR A 2 ~ 3 °C, AT DL s B M Ak
FEAKAR I 1198 A SR AK 7K R 7 A R ), R - [
AR HEINGER | BV b AR K [ 8 X b YL Y 1) 52 ) 2
7/NT 740 m,

FAR [ 7#/h
0 200 400 600 800 1000 1200 1400

70

— H AR
— IR

0 160 260 360 4(I)0 560 6(I)0 760 860
I [ 32E/h
B 11 Pk EERCT KP1 HE AR L2k

Temperature curves of KP1 in two reinjection modes

Fig. 11
3.7 EEIZITEM

AL T2 i T2 n a2 b4 200 HIogs
A AR B 150 HANEH A IE T LI A +
200 HJe Jo M4t g &, 10 7 5l ofe L 10 wm A
JE +2 W IEAL S E A 30 wm HLIE +5 wm KiUE

ML . www. stae. com. cn



R T NI N N -

4446 Science Technology and Engineering

2025,25(11)

HE, M TEATT G RGBT HOR ST L, AT
S5 1 T2 A1 0 8 0 3 FE I v e A B R 1Y
2 ~3 h/IRFER 2 ~3 d/U, 80 B 050% bl ok 1Y
2 d/IREER T /IR, RGBT ORI RRE
I, BLE AW AT, B 0 0 1 BT 25 M A
AT K MIERR T2 R . KK IH—
JETRFRAP 48 —150 HARSEM A i Vet jg#5—200 H
JE B Wit g 28— 735 —30 wm HLIE—5 um K E
— B E— ISR — T

4 FREET

MRFE 2% N T 82 58 51 b IX 7 A A R 7R 3 T
TR TFJR T 22 M 2 1 b 5 A A b A K [l o
RIS, X0 45 R ER G 58 o0 i, 18 ik
i 5hAR,

(1) 22N ot 52 R PEAD 5 AU I fe KA A 2R
[V 1R 27. 96 m’/h, ZENE 0. 667 MPa fif | S35 [A]
BRI LIGA T 51. 68 m®/h, [HIHERAF] 91. 58% , H.
(1Y 77 5 Il o 2 [B] i 2 22 I R A | HAUL G 3%
SR T AN 1.0 MPa B[] & 7 3k 5] 74. 52
m’/h, JINHE 1. 2 MPa B} [ 5 0] 35 F] 106. 47 m’/h,
PRI, 10 B =2 M 760 bbb 2 80 3R )2 B — 2 g [l
T

(2) RIKFH- W AKAL I K Bl A FE R A TR 22 T
B, BT (] 98 184 K K A R B T [R) 28 [l 7 2R
TR A A 30 2 A AR A 3 52, 136 =2 ) 43
b B P A8 K [R) )2 [l o e AR A HomT A7,
R, [ 2 5 1m0 9 /KR =2 ) 52 BRAH DG OC R, IR
(149 T 303 T A8 o ] i, L IRDE /KL BE Sy 30 °C
IR A BT U SR A P o R E K
MRS HIAE 30 CLATT

B B IE M ZE SRS, G H]
F 22N B PR K I T AN Rk H—
JETRERAD 28 —150 H A A i vE i g4 —200 H
JE T Wi 8 28— I 135 —30 wm HLIE—S wm K E
— B HE— TN R — I, Xt 2 22 M D A 3R
[T B M

(4) L5 o AT IA A, 10 R P fi s 3R 2 UK
[T A% O R 08 T2, & BN 3 8 T 20 vl R (]
RS AR 1217 H AT Il XTIl I i B4 9 | RE
AR R I RCR

5 % x o

(1] M, AR, 2R, % BRep RIS SR o [ M 2 7 U0 2

ROFFEHRE[T]. BlERR S TR, 2023, 23(12) ; 4917-4927.

Huo Chao, Lin Yitian, Li Gang, et al. China’s geothermal resource

exploration technology research progress under the background of

carbon neutrality[ J]. Science Technology and Engineering, 2023,
23(12) . 4917-4927.

[2] ZEfeil, B/NXL, BERRRS, 55, 5 M RRE A9 s RAE S Ak e

RUAVVER R4 (], B Pt E, 2022, 10(5):
456-462.
Li Huashan, Zhao Xiaoshuang, Huang Sihao, et al. Economic and
environmental benefits of geothermal cascade heating system consid-
ering geothermal reservoir characteristics[ J]. Advances in New Re-
newable Energy, 2022, 10(5) . 456462.

(3] Ei, sET, adte. B AR B 4B B 5T U A

FARERTFELT]. AR LB, 2014, 30(1) : 33-36.
Wang Hao, Zhang Zhenyu, Yang Jianhua. Study on occurrence
characteristics of geothermal resources in Dongying formation in dis-
trict areas of Yucheng city [ J]. Shandong Land and Resources,
2014, 30(1) : 33-36.

[4] ABdhAE. BbA PG R K IE fb A% 38 SN Y — LAt

K RBI[D]. 5. INARHE K, 2020.
Zou Jingying. Research on chemical blocking mechanism of re-
charge of geothermal tailwater in sandstone reservoir—take the
northern part of Shandong for example [ D]. Qingdao: Shandong
University of Science and Technology, 2020.

(5] i, Bba S R oK o A b 2 8 S8 AR PE T T
[D]. K. KEH TR, 2022.

Qiao Mengmeng. Study on deformation and seepage of reservoir dur-
ing reinjection of tail water in sandstone geothermal engineering
[D]. Taiyuan: Taiyuan University of Technology, 2022.

[6] Kamila Z, Kaya E, Zarrouk S. A worldwide review update of rein-
jection in geothermal fields [ C ]//Proceedings World Geothermal
Congress. Reykjavik: ResearchGate, 2020, 1-18.

[7] Kamila Z, Kaya E, Zarrouk S J. Reinjection in geothermal fields:
An updated worldwide review 2020 [ J]. Geothermics, 2021,
89: 101970.

(8] rhe N RALANE B ARBEIRTR. Hb 2 PGk 1t B 7K T 8 4 AR 0

2. DZ/T 0330—2019[ S]. dbat. Husi kst 2019.
Ministry of Natural Resources of the People’s Republic of China.
Technical specifications for geothermal tailwater reinjection in sand-
stone thermal storage: DZ/T 0330—2019[ S]. Beijing: Geological
Press, 2019.

[9] Axelsson G, Arnaldsson A, Berthet J] C C, et al. Renewability as-
sessment of the Reykjanes geothermal system, SW-iceland [ C]//
Proceedings of the World Geothermal Congress. Melbourne: Re-
searchGate , 2015 1-10.

[10] Ganjdanesh R, Hosseini S A. Potential assessment of methane and
heat production from geopressured-geothermal aquifers[ J]. Geo-
thermal Energy, 2016, 4. 1-25.

[11] Hawkins A J, Becker M W, Tsoflias G P. Evaluation of inert trac-
ers in a bedrock fracture using ground penetrating radar and ther-
mal sensors| J]. Geothermics, 2017, 67 : 86-94.

[12] Marké A, Madl-Sz (;nyi J, Brehme M. Injection related issues of a
doublet system in a sandstone aquifer; a generalized concept to un-
derstand and avoid problem sources in geothermal systems|[]J].
Geothermics, 2021, 97 102234.

[13] ZRLis. — b b IR 2 PR R 0l — M AL R R 48 2 s ik
202211596164. 6[ P]. 2023-04-28.

Li Hongyan. A kind of integrated utilization system and method of

medium and deep geothermal energy extraction and irrigation:

ML . www. stae. com. cn



2025,25(11)

ARHEAR A5« 22 M 32 G A R IAAE  PR K T I 5 SR A T 5 e R

4447

[14]

[15]

[16]

[17]

[18]

[19]

[20]

202211596164. 6[ P]. 2023-04-28.
ZEORE. — Fh AR S ML R K Il Ab TR
202222322113.6 [ P].2023-01-13.

Li Nana. An integrated geothermal tail water recharge treatment

device; 202222322113. 6 [ P]. 2023-01-13.

L. MR K M R SE: 2012102489780 [P]. 2012-
07-18.
Feng  Hongxi. Geothermal  tailwater  recharge  system:

201210248978.0 [ P]. 2012-07-18.

LI, BISCAT. s MR R i DR RS R B AR IR ()],
W T, 2012, 39(2) : 18-21.

Feng Hongxi, Yin Wenhang. Anticorrosion filter for geothermal re-
injection and the matching technology test[ J]. Exploration Engi-
neering, 2012, 39(2) . 18-21.

THE — B YR A P K AF R OK B K R &
201810526254.5 [P]. 2018-05-18.

Ding Xiang. A ground source heat pump closed equal volume wa-
ter withdrawal and return system: 201810526254.5 [ P].2018-
05-18.

FAEM, XK, FARA, B DU G HU DA Pk ] a0 o

5 VI AR @i N[ J]. HRieiF, 2020, 66 (2):
485492.

Wang Xuepeng, Liu Huan, Jiang Shujie, et al. Reinjection exper-
imental research on sedimentary basin sandstone reservior—a case
study of Yucheng City, Shandong[J]. Geological Review, 2020,
66(2): 485-492.

Kaya E, Zarrouk S J, O’Sullivan M J. Reinjection in geothermal
fields: a review of worldwide experience[ J]. Renewable & Sus-
tainable Energy Reviews, 2011, 15(1) : 47-68.
rhie AR AN ) 50 ot e R A v I T R v
FRAT IR i 2x. M AT R BT 2 BLYE . GB/T 11615—2010
[S]. dbst. sPESRHE R, 2010.

General Administration of Quality Supervision, Inspection and
Quarantine of the People’s Republic of China, Standardization Ad-
ministration of the People’s Republic of China. Geological explora-
tion specification for geothermal resources; GB/Tl 1615—2010

[21]

[22]

[24]

[25]

[26]

[S]. Beijing: Standards Press of China, 2010.

XEWY, ESF, WSCHER. B IE SR 4 T B R A 2 R

PRERITTSEILT]. #FK, 2014, 36(6) : 72-75.

Liu Zhiming, Wang Guiling, Lin Wenjing. Calculation of the pro-

tection radius for single well mining rights under geothermal rein-

jection conditions[ J]. Ground Water, 2014, 36(6) : 72-75.

X, mAEEE, Xk, A RIRME IR S kAR

BRG], P EH A, 2020, 7(3) : 104-108.

Liu Shuai, Feng Shoutao, Liu Zhitao, et al. Discussion on the

calculation of the rights protection radius of the geothermal well for

stratified thermal reservoir[ J]. Geological Survey of China, 2020,

7(3) . 104-108.

XU, XU, BSF, 55 RBERKMIEX b Pk ik
TR —— LG AL X B[ )] HUBTS T, 2021, 67(5):

1507-1520.

Liu Shuai, Liu Zhitao, Feng Shoutao, et al. Effect of heating tail

water recharge on geothermal field of sandstone heat storage: a
case study in northern Shandong Province[ J]. Geological Review,
2021, 67(5) : 1507-1520.

EME, 1A, SR M LA B K BT R R VR IR [T ]
LTAEHE, 2018(11) ; 72.

Wang Peng, Xiang Heng, Zhou Xin. Exploration of geothermal
well location deployment and reasonable well spacing[ J]. Chemi-
cal Enterprise Management, 2018 (11) ; 72.

LETe, BUKKE, HRIC, . HBARE AT LI R T i B
TR OpenGeoSys: JEFRE R FI[ 1], Hu2ARTZ, 2020, 27
(1):170-177.

Kong Yanlong, Huang Yonghui, Zheng Tianyuan, et al. Principle
and application of OpenGeoSys for geothermal energy sustainable
Earth Science Frontiers, 2020, 27(1) : 170-177.
PR, HKIR, RN AR ZRE T R R DA AV AR [
SRR OCRIRBI[T]. AR E B, 2018, 34(1) : 4448,

He Miao, Zhang Le, Yuan Yiming, et al. Study on the relation-

utilization[ J .

ship between reinjection volume and temperature of sandstone geo-
thermal reservoir in Nanzhan area of Dongying City[ J]. Shandong

Land and Resources, 2018, 34(1) ; 44-438.

ML . www. stae. com. cn





